























([SHFWHGXWLOLW\ WKHRU\ (87KDVEHHQFKDOOHQJHGDVDGHVFULSWLYHWKHRU\ LQ





D[LRPDWLF GLIIHUHQFH EHWZHHQ (87 DQG 5'87 ZKHQ KHDOWK SURILOHV DUH XVHG DV
RXWFRPHVRIULVN\WUHDWPHQWV2YHUDOO(8EHVWGHVFULEHGWKHGDWD+RZHYHUHYLGHQFH
RQ WKH HGLWLQJ DQG FDQFHOODWLRQ RSHUDWLRQ K\SRWKHVL]HG LQ 3URVSHFW 7KHRU\ DQG







1XPHURXVSDUDGR[HVKDYH GLVSOD\HGV\VWHPDWLF YLRODWLRQVRI WKH D[LRPV XQGHUO\LQJ
(87PDLQO\ZLWKUHVSHFWWRLWVFUXFLDOD[LRPLQGHSHQGHQFH$VLWLVZHOONQRZQWKH






SRSXODU DOWHUQDWLYH WR FODVVLFDO H[SHFWHG XWLOLW\7KH NH\ LGHD RI WKLV WKHRU\ LV WKDW
SHRSOHWUDQVIRUPSUREDELOLWLHVLQWRQRQOLQHDUGHFLVLRQZHLJKWVWKURXJKDFXPXODWLYH




ZD\ &37 PD\ H[SODLQ QRQOLQHDULWLHV LQ SUREDELOLWLHV DQG JDLQORVV DV\PPHWU\
DOWRJHWKHURQWKHEDVLVRIUDQNDQGVLJQGHSHQGHQFH&37FRLQFLGHVZLWK5'8WKHRU\
ZKHQDOORXWFRPHVDUHJDLQV




SUHGLFWLRQVRQWKH VKDSH RI LQGLIIHUHQFH FXUYHV LQ WKH SUREDELOLW\ WULDQJOH &DPHUHU
2WKHUVWXGLHVKDYHILWWHGERWKWKHXWLOLW\IXQFWLRQDQGWKHSUREDELOLW\
ZHLJKWLQJ IXQFWLRQ WR LQGLYLGXDOV /DWWLPRUH %DNHU DQG :LWWH  7YHUVN\ DQG
.DKQHPDQ:XDQG*RQ]DOH])LQDOO\VHYHUDOUHVHDUFKHUVKDYHGHYHORSHG
QRQSDUDPHWULFPHWKRGVWRHOLFLWWKHSUREDELOLW\ZHLJKWLQJIXQFWLRQ&XUULPDQG6DULQ
 :X DQG *RQ]DOH]  DQG HYHQ WKH XWLOLW\ IXQFWLRQ DQG WKH SUREDELOLW\
ZHLJKWLQJIXQFWLRQVXFFHVLYHO\$EGHOODRXL
+RZHYHUSUHYLRXVWHVWVKDYHLQFRPPRQWKDWWKH\WHVWHGDSURPLQHQWIHDWXUHRI
5'8WKHRU\SUREDELOLW\ ZHLJKWLQJEXWWKH\ GRQRWWHVWHG5'8WKHRU\ LWVHOI5'8





DSSURDFKHV HJ JRRGQHVVRIILW WHVWV +RZHYHU ZH VKRXOG EH DZDUH WKDW VXFK











:HEHU DQG .LUVQHU  IRXQG D SRVLWLYH UHVXOW ZKHQ MXGJPHQWV RQ SULFHV ZHUH
UHTXLUHG EXW QRW ZKHQ LQGLYLGXDOV PDGH FKRLFHV EHWZHHQ JDPEOHV ,Q RXU RSLQLRQ
GHVSLWHWKHVHQHJDWLYHILQGLQJVWKHWKHRU\FDQQRWEHUHMHFWHG1RWKHRU\FDQSUREDEO\




WRWKLVLGHQWLILFDWLRQWDVNE\ WHVWLQJWKHGHVFULSWLYH YDOLGLW\ RI (8 DQG5'8 LQWKH
VSHFLILFGRPDLQRIWKHKHDOWKRXWFRPHV
5HFHQWUHVHDUFKLQWKLVFRQWH[WKDYHH[SORUHGWKHUROHRISUREDELOLW\ZHLJKWLQJLQ
WKHHOLFLWDWLRQRIKHDOWKVWDWHVXWLOLWLHV:DNNHU DQG6WLJJHOERXW %OHLFKURGW 
%OHLFKURGW %OHLFKURGW HWDOD%OHLFKURGW DQG3LQWRDQGHYHQKRZ
LQFRUSRUDWH5'8DQG&37LQWRWKHPHGLFDOGHFLVLRQDQDO\VLV%OHLFKURGW DQG4XLJJLQ
 %OHLFKURGW HW DO E %D\RXPL DQG 5HGHOPHLHU  EXW WR GDWH WR RXU
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o Zo Zo Zo ZZKHUHZ DQGZ 
 7KHGHFLVLRQZHLJKWM DVVRFLDWHGZLWKHDFKRXWFRPHLVFDOFXODWHGDVWKHGLIIHUHQFH
EHWZHHQWKHWUDQVIRUPHGFXPXODWLYHSUREDELOLW\RIUHDFKLQJDWOHDVWWKHRXWFRPHDQG









,Q JHQHUDO WKH 5'8 RI D JDPEOH \LHOGLQJ RXWFRPH TL ZLWK SUREDELOLW\ SL
L QZKHUHWKHRXWFRPHVDUHUDQNRUGHUHGIURPOHDVWWRPRVWSUHIHUUHGT% T
% % TQFDQEHUHSUHVHQWHGE\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$VLWKDVEHHQVKRZQ5'87DVVXPHVWKDWWKHZHLJKWDWWDFKHGWRHDFKRXWFRPH






FRPPRQ RXWFRPH DQG $   % WKHQ SUHIHUHQFHV ZLOO QRW EH DIIHFWHG LI D FRPPRQ





FKDQJHV ,I SUHIHUHQFHV FKDQJH %   $ FRPRQRWRQLF LQGHSHQGHQFH LV QRW YLRODWHG
+RZHYHULIWKHQHZFRPPRQRXWFRPHGRHVQRWFKDQJHWKHUDQNRUGHURIWKHRXWFRPHV
LQWKHJDPEOHVWKHQSUHIHUHQFHVVKRXOGUHPDLQVWLOOFRQVWDQW ,I SUHIHUHQFHV FKDQJH




























5'8 DJDLQVW (8  WKH GLUHFW FRPSDULVRQ EHWZHHQ FRPRQRWRQLF LQGHSHQGHQFH DQG





:H FRQVWUXFWHG VHYHUDO FKRLFHV EHWZHHQ SDLUV RI ULVN\ PHGLFDO WUHDWPHQWV
7ZR GLIIHUHQW FRQWH[WV ZHUH XVHG GHSHQGLQJ RQ WKH VHYHULW\ RI WKH KHDOWK SUREOHP





LQ HDFK FRQWH[W VSUHDG HSLGHUPRLG FDQFHU QRQVSUHDG HSLGHUPRLG FDQFHU DQG
HVRSKDJLF DGHQRFDUFLQRPD LQ WKH FDQFHU FRQWH[W DQG LUULWDWLYH FRQWDFW GHUPDWLWLV
DOHUJLFFRQWDFWGHUPDWLWLVDQGSKRWRGHUPDWLWLVLQWKHGHUPDWLWLVFRQWH[W(DFKSDLURI
WUHDWPHQWV LQ D FKRLFH SUREOHP DOZD\V VKRZHG XQGHU VRPH RI WKH WKUHH SRVVLEOH
GLVHDVHVDFRPPRQRXWFRPH
>,QVHUW)LJXUHDERXWKHUH@
:H IXUWKHU XVHG IRXU GLIIHUHQW JDPEOH GLVSOD\V LQ RUGHU WR FRQWURO SRVVLEOH


































6HYHQW\WZR HFRQRPLF VWXGHQWV RI WKLV 8QLYHUVLW\ SDUWLFLSDWHG LQ WKH H[SHULPHQW























YLRODWLRQVRIFRPRQRWRQLFLQGHSHQGHQFHLVRQHWKLUGRI WKH QXPEHURI YLRODWLRQVRI
LQGHSHQGHQFH:HZLOOIXUWKHUGHILQHWKUHHVXEK\SRWKHVLVQDPHO\WKHPDLQK\SRWKHVLV






















WHVW WHFKQLTXHV 6LPLODU SURFHGXUHV ZLOO EH XVHG ZLWK WKH UHPDLQLQJ H[SHULPHQWDO
FRQGLWLRQV
5HVXOWV





KROGV :H RQO\ IRXQG SDUWLDO HYLGHQFH RI UDQNGHSHQGHQFH IRU WKH FROODSVHG WUHH
SUHVHQWDWLRQS7KLVODWWHUUHVXOWDOWKRXJKYHU\PRGHVWKDVQRWEHHQUHSRUWHG
EHIRUH LQ WKRVH VWXGLHV WKDW KDYH WHVWHG FRPRQRWRQLF LQGHSHQGHQFH ZLWK PRQHWDU\
RXWFRPHV:DNNHUHWDO)HQQHPDDQG:DNNHU:HEHUDQG.LUVQHU
:HGRQRWWKLQNWKDWWKLVILQGLQJFDQEHH[SODLQHGE\LQWHUVDPSOHGLIIHUHQFHV
JLYHQ WKDW WKH VXEMHFWV WKDW XVHG WKH FROODSVHG WUHH IRUPDW FDPH IURP WKH VDPH
SRSXODWLRQ8QLYHUVLW\RI0XUFLDVWXGHQWV$SDUWIURPWKDWWKHGLIIHUHQWGLVSOD\VZHUH




,QGHSHQGHQFH ZDV PRUH FRPPRQO\ VDWLVILHG WKDQ LW ZDV YLRODWHG  RI




VWXG\ H[KLELWHGDQHTXDOSURSRUWLRQRI ERWKLQGHSHQGHQFH YLRODWLRQVLQWKHLU FKRLFH












YLRODWLRQV RI LQGHSHQGHQFH REVHUYHG RQ WKH GLIIHUHQW H[SHULPHQWDO FRQGLWLRQV $
VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH WZR KHDOWK FRQWH[WV ZDV IRXQG S   7KH
GLUHFWLRQRIWKHGLVFUHSDQF\WKHSURSRUWLRQRIYLRODWLRQVLVODUJHUIRUGHUPDWKDQIRU































+RZHYHU ZH DOVR IRXQG DQ LQWHUHVWLQJ ILQGLQJ WKDW TXDOLILHV WKH DSSDUHQW
UHMHFWLRQWRWKHJHQHUDO5'8PRGHO,WVHHPVWKDWWKRVHUHVSRQGHQWVDVVLJQHGWRWKH
GLVSOD\ LQ ZKLFK WKH FRPPRQDOLW\ RI WKH RXWFRPHV ZDV QRW REYLRXV FROODSVHG











YHUVXV QRQFRPRQRWRQLF LQGHSHQGHQFH YLRODWLRQV 7KHUHIRUH FDQFHOODWLRQ ZRXOG QRW
DOORZ XV WR WHVW ZKHWKHU UHVSRQGHQWV DSSO\ WKH 5'8 UXOH WR HYDOXDWH WUDQVSDUHQW
JDPEOHV
+HXULVWLFVRI FKRLFH OLNH HGLWLQJ DQG FDQFHOODWLRQ RI FRPPRQ RXWFRPHV PD\
KDYHGLVWRUWHGRXUWHVWRIFRPRQRWRQLFLQGHSHQGHQFH,QIDFWWKHUHLVUHFHQWHYLGHQFHRQ
WKHLQIOXHQFHRIIUDPLQJHIIHFWVRQWKHSHUIRUPDQFHRI5'8PRGHOVLQWKHPHGLFDO
GHFLVLRQ PDNLQJ OLWHUDWXUH 6WDOPHLHU DQG %H]HPELQGHU  IRXQG HYLGHQFH WKDW




GLVSOD\ ZDV XVHG LW ZRXOG EH ZRUWK IRU IXWXUH UHVHDUFK WR FODULI\ LI 5'8 ZRXOG
RXWSHUIRUP(8XVLQJRWKHUVWLPXOLGHVLJQ,QWKLVVHQVH%LUEDXPDQG0F,QWRVK
SURYLGHDQLQWHUHVWLQJH[DPSOH7KHVHDXWKRUVLQWHUPL[HGDODUJHQXPEHURIILOOHUSDLUV
LQ ZKLFK DOO RXWFRPHV ZHUH GLIIHUHQW ZLWK WKH H[SHULPHQWDO JDPEOH SDLUV 7KH\








WUDQVIRUPDWLRQ IDLOV EHFDXVH VXEMHFWV VLPSOLI\ WKHLU WDVN FDQFHOLQJ RXW WKH FRPPRQ
RXWFRPH+RZHYHULWFDQDOVREHWUXHWKDWSHRSOHFDQWUDQVIRUPSUREDELOLWLHVIROORZLQJ
RWKHUWKHRU\RIFKRLFHGLIIHUHQWWR5'8$WWKLVVWDJHWKHRQO\WKLQJWKDWVHHPVFOHDULV
WKDW WKHUH VHHPV WR EH D FRQWUDGLFWLRQ EHWZHHQ WKH SRVLWLYH HYLGHQFH LQ IDYRXU RI



















































FKRLFHV EHWZHHQ JDPEOHV 2UJDQL]DWLRQDO EHKDYLRU DQG KXPDQ GHFLVLRQ SURFHVVHV

&DPHUHU & )  $Q H[SHULPHQWDO WHVW RI VHYHUDO JHQHUDOL]HG XWLOLW\ WKHRULHV
-RXUQDORI5LVNDQG8QFHUWDLQW\ 
&DPHUHU & )  5HFHQW WHVWV RI JHQHUDOL]DWLRQ RI H[SHFWHG XWLOLW\ WKHRU\ ,Q




































WHVW EHWZHHQ FODVVLFDO DQG UDQNGHSHQGHQW XWLOLW\ WKHRULHV -RXUQDO RI 5LVN DQG
8QFHUWDLQW\
:DNNHU 3 DQG 6WLJJHOERXW $  ([SODLQLQJ GLVWRUVLRQV LQ XWLOLW\ HOLFLWDWLRQ
WKURXJKWKHUDQNGHSHQGHQWPRGHOIRUULVN\ FKRLFHV0HGLFDO'HFLVLRQ0DNLQJ 

:HEHU (8 DQG .LUVQHU %  5HDVRQV IRU UDQNGHSHQGHQW XWLOLW\ HYDOXDWLRQ
-RXUQDORI5LVNDQG8QFHUWDLQW\
:X *  $Q HPSLULFDO WHVW RI RUGLQDO LQGHSHQGHQFH -RXUQDO RI 5LVN DQG
8QFHUWDLQW\















7UHDWPHQW    <UVLQVWDWH$
WLOOFXUH


























































5LVN\JDPEOH5 &2 © 
6XUHJDPEOH6 &2  
&2FRPPRQRXWFRPH o o o \UVLQVWDWH$
3(YHQW ©3( ©3( © 3GHQRWHVSUREDELOLW\






5LVN\JDPEOH5 &2  ©
6XUHJDPEOH6 &2  ©
&2FRPPRQRXWFRPH o o o \UVLQVWDWH$







5LVN\JDPEOH5 &2  
6XUHJDPEOH6 &2  
&2FRPPRQRXWFRPH o o o \UVLQVWDWH$
3(YHQW ©3( ©3( © 3GHQRWHVSUREDELOLW\






5LVN\JDPEOH5 &2 © ©
6XUHJDPEOH6 &2  
&2FRPPRQRXWFRPH o o o \UVLQVWDWH$
3(YHQW ©3( ©3( ©3GHQRWHVSUREDELOLW\


























&DQFHU      6XE
+\SRWKHVLV 'HUPD     
+HDOWKVWDWH$      6XE
+\SRWKHVLV +HDOWKVWDWH%     
0DWUL[     
*UDSKLF     
7UHH     
6XE
+\SRWKHVLV
&ROODSVHGWUHH     
 + SUHGLFWVWKDWWKHSURSRUWLRQRIYLRODWLRQVRIFRPRQRWRQLFLQGHSHQGHQFH 
 GHQRWHVDVLJQLILFDQWGLIIHUHQFHDWWKHOHYHO